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Abstract—There have been many discussions on the significant
lack of representation of minorities in computing. Research
suggests that an attributing factor to this deficit is a lack of
exposure to computing, computing careers, and underrepresented
role models. Introducing underrepresented minority students
to hands-on computer science activities at an early age is
believed to improve students’ attitudes in computing. Increasing
students’ computing attitudes may help encourage participa-
tion and minimize deficiencies in retaining underrepresented
minority computing students. An interactive summer program
was implemented to teach computing to middle-school-aged
underrepresented minority students through a unique curriculum
using Sphero robotic balls and math and science concepts.
Students were assessed to determine the programs’ effectiveness
in increasing computing attitudes and academic performance
of math and science. Results showed that the intervention sig-
nificantly improved students’ academic performances and their
confidence in deciding a future career path. Further evaluation
is needed to explore longitudinal effects of the varying levels of
math, science, and computing rigor used within this intervention.
Findings from this study provide recommendations for how to
implement computing practices within the existing math and
science curriculum in prospective initiatives.

Keywords—computer science, outreach, math, science, robotics,
middle school

I. INTRODUCTION

Introducing computer programming to students at an early
age aids in the development of transferable skills that will
bridge the racial and educational divide [1]. In 2017, only
8% of African Americans, who were enrolled at a 4-year
institution, graduated with a degree in computer science.
The numbers only get smaller as these students matriculate
through graduate school and/or pursue a doctorate [2]. With
the growing pervasiveness of technology in our daily lives,
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coding is becoming a fundamental skill for learning; com-
parable to skills such as reading, writing, and arithmetic.
Over the last several years, 58% of all new jobs in STEM
are in computing, but only 10% of students that majored in
STEM fields received a degree in computer science [3]. The
development and retention of programming skills begin with
teaching and providing tasks that encourage more complex
diagnostic thinking.

Coding has been proven to develop skills in math, reading,
logic, computational-thinking, and applied sciences [4], [5].
These authors believe there is a way to help students un-
derstand the underlying computing skills in conjunction with
how they process the information on their own. Exposing
the students to rigorous and relevant adaptive learning may
lead to higher retention of student engagement/involvement
in computing. Literature suggests that robotics is becoming
a more effective way to engage students with coding and
programming. Additionally, robotics helps reinforce soft skills
such as teamwork, critical and creative thinking, problem-
solving, and algorithmic patterned thinking [6]. Robotic-based
programs are often effective at retaining a students’ computing
knowledge for those who have never programmed before.

The participants in this study are unique because under-
served minority middle schoolers are often overlooked and un-
derrepresented when it comes to computing research. Student
engagement in computer programming manifests in behaviors
that are observable and recurring in middle school students
[71, [8]. These behaviors result in:

o Engaging in often short-lived, intense interests
o Preferring interactions with their peers
o Preferring active to passive learning

Previous studies have shown that adolescent students retain



computing knowledge more effectively when computing is
taught through a visceral, “hands-on learning experience”
[9]. Implementing teaching strategies, such as problem-based
learning within a STEM curriculum, may enhance students’
desire to understand the world around them and engage them
in classroom instruction [10]. Skills like problem-solving
literacy, creativity, and motivation are positively influenced
when children access technology in their learning environ-
ments. Also, using technology as an instructional tool en-
hances children’s learning and educational outcomes [11].
More specifically, introducing computer science to underrep-
resented minorities at an early age can influence more positive
attitudes towards computing; consequently, attracting more
diverse talent to the field of technology and computing [12].

II. BACKGROUND/RELATED WORK

While some minority groups are well represented in technol-
ogy, others are almost nonexistent, such as African Americans
[11, [3], [5], [13]. Connecting with the next generation of
minority talent means early introduction, easily accessible
resources, and providing a hands-on learning experience. An
early introduction to computing may increase the participation
of underrepresented groups in the tech field because expe-
riences and exposure in childhood affect desired careers in
adulthood [13], [14]. To bridge the gap, which may result
in upward mobility, it is necessary to effectively engage
racial and ethnic minority groups and other vulnerable and
underserved populations, with the help of outreach/bridge
programs.

Many programs, similar to ours, cater to fostering awareness
and passion for computer science amongst adolescents and/or
minorities. An example study was conducted at the Depart-
ment of Computer and Cyber Sciences at the United States
Air Force Academy. They examined how accessibility, early
introduction, and hands-on experiences increased students’
computing attitudes. They tested a proposed introductory pro-
gramming curriculum that aligned with the College Board’s
Advanced Placement Computer Science Principles (AP CSP)
course for the Sphero SPRK+. The SPRK+ is the predecessor
to the newer Sphero Bolt model used in this study. The purpose
of the study at the Academy was to increase student engage-
ment and to “motivate and facilitate the effective learning
of introductory programming and problem-solving skills” by
using robotics [15].They tailored each lesson plan utilizing
a problem-solving methodology called UDIT (Understand —
Design — Implement — Test). The UDIT methodology provides
specific tasks, goals, and techniques for each of the phases. In
addition to similar pedagogies, the curriculum at the academy
covered topics such as, but not limited to, the following:

o Introduction to Programming the SPRK+ using
Blocks: To introduce the students to creating, editing,
and running programs in the Blocks canvas, this activity
used the Sphero Block activities to teach the Roll, Stop,
Delay, Spin, Main LED, Speak, Fade, and Strobe.

¢ Selection, Loop Forever, Sensor Data, and Compara-
tors: To introduce selection and iteration control logic

as well as yaw, roll, and pitch sensor readings from the
SPRK+ gyroscope.

o Gyroscopes, Normalization, Lights, and Math Func-
tions: To develop an understanding of what a gyroscope
does and how to normalize data from one range to
another.

« Variables, Operators, Loop Until, Randomization, and
Haptic Feedback: To extend the students’ understanding
of key programming concepts and techniques, this lesson
used the Sphero Blocks 4 activity, from the Sphero
website, to teach the concept and use of variables, math
operators, loop until construct, and random numbers gen-
eration. The Blocks 4 activity had students develop a Hot
Potato game which introduced them to haptic feedback
by using raw motor settings to vibrate the SPRK+.

The objective of this effort was targeted toward the devel-
opment of a theme-based curriculum using the Sphero SPRK+
that would effectively achieve the required learning while
increasing student interest and engagement, similar to our own
course’s goal. 63.2% of their students agreed that the activities
were interesting and engaging and are helpful for learning how
to program and 26.3% of their students strongly agreed that the
activities were interesting, engaging and helpful for learning
how to program [15].

These results support the idea that younger students are
prone to lack the patience and abstract thought necessary to
complete activities such as programming [4]. On the other
hand, waiting until college to address the issue of minorities in
computer science is non-beneficial. Therefore, using robotics
early on can provide experience to improve computer science
grades in the future [1]. The use of robotics can provide a
visceral, “hands-on learning experience” for students who have
never programmed before; this is essential in the retention of
the students [16]. This is why outreach programs introduce
minorities to computing and the tech industry. Outreach pro-
grams create an environment where students can learn and
retain. Implementing teaching strategies, like problem-based
learning within a STEM curriculum, may enhance students’
desire to understand the world around them and engage them
in classroom instruction. This mitigates the susceptibility of
students becoming impatient and creates an environment that
supports abstract thinking [6]. Skills like problem-solving
literacy, creativity, and motivation are positively influenced
when children access technology in their learning environ-
ments. Also, using technology as an instructional tool en-
hances children’s learning and educational outcomes [7]. More
specifically, introducing computer science to minorities at an
early age will not only attract more diverse talent to the field of
technology and computing, but will also aid with the retention
of said children [17].

III. PROGRAM OVERVIEW

The research team was given an opportunity to participate in
a summer program dedicated to the enrichment of gifted and
high-achieving students within a local public school district.
The goal of this program was to expose the students to the



world of coding while integrating relevant science and math
concepts. The program provided various courses that were
geared towards STEM and fine arts. In this course, rising
6th - 8th graders were introduced to the world of coding,
via the Sphero Bolt which is an app-enabled robot. The
Sphero Bolt application allows users to code in three separate
ways: generate drawings that the robot executes, drag and
drop blocks of code to create programs, or write JavaScript
programs for execution. For this course, the students began
creating programs with the drawing function so they could
learn how to manipulate the robot. After becoming familiar
with Sphero’s functionalities, students were restricted to only
using the “drag and drop” method with blocks of code to
complete activities for the remainder of the summer program.

The Sphero team (the instructors and observers) began
prepping for this course by developing and practicing lesson
plans three weeks before the summer program began. In
the preparation phase, the Sphero team created PowerPoint
slides, worksheets, quizzes on Kahoot! (a game-based learning
platform), and Sphero Bolt activities for each lesson. These
instructional tools were a combination of projects found on
the Sphero website, the Atlanta Public Schools curriculum,
and original ideas created by the research team. The content
for each project on the Sphero website included instructional
materials that were customized to lessons along with the
required materials to complete the activity. Materials used
during the program included tape, protractors, ramps, string,
wooden sticks, and a pool of water.

The instructors practiced and reviewed the lessons and
activities multiple times with other members of the lab.
During these practice sessions, the instructors presented their
instructional materials and received feedback on the content,
rigor, appropriateness, and flow of the presentation. Each
presentation was followed by a brief review period; identical
to the review period students participating in the workshop
would experience. The review sessions included worksheets
or “Kahoot!” activities to recap the daily lesson. These in-
structional rehearsals concluded with the team reviewing the
Sphero activity for the day in which feedback was obtained
and unforeseen challenges were discussed.

A. Structure

The course lasted for four weeks starting on Monday
and ending Friday, from 11:30 a.m. to 3:30 p.m. As stated
previously, the goal of this program was to expose the students
to the world of coding while integrating relevant science and
math concepts. The first week of the program focused on
Sphero basics, the second focused on math concepts, and the
third week focused on science. The students were assigned to
teams and each team was assigned an observer to help them
during the classes. Each day, the students were introduced to
a new topic with a corresponding activity using the Sphero
robots. At the beginning of each week, students were given
an assessment with content related to the lesson being taught
that week. The same assessment was administered at the end of
the week. Students completed all the assessments before going

to lunch to maintain their interest and limit interruptions and
student distractions. Conducting all assessments before lunch
also gave the instructors time to briefly look over the results
and alter the lesson plan as needed to ensure that the students
were gaining an understanding of the lesson content.

Lessons began immediately after their lunch. Each lesson
included a PowerPoint and a brief review session, which in-
volved completing a worksheet or a Kahoot! quiz. Overall, the
lesson and review period lasted between 45-60 minutes. The
lesson and review period was followed by an activity. Each
Sphero activity maintained relevance to reinforce and build
upon the topic of that day. For example, the review session
for the angles math lesson consisted of students creating and
identifying angles and shapes on a worksheet. The activity
was then followed by students recreating the angles using the
Sphero balls. At the end of each class, notes and comments
were collected from students with a brief reflection period.
This gave students a chance to voice their thoughts about the
lesson and activity for that day.

B. Sphero Basics

The first week consisted of ice breaker challenges, grouping
the students, and teaching the young coders how to utilize and
control the Sphero balls. For the control activities, the students
learned how to aim and drive the Sphero Bolt robot. Then,
they moved into block coding. Activities, such as bowling
and soccer were integrated with each lesson to ensure that
everyone had grasped the concept. Since time was limited,
students were taught the foundational necessities, including
but not limited to, changing the light, adjusting the speed,
and aiming the ball. Students also participated in a reflection
period at the end of each day, where the most insight was
gained on their comfortability with the functions of the robot.
An analysis of the reflection responses showed that most of the
students felt comfortable controlling the ball within the first
day and a half, with only one student having prior experience
with Sphero. After three full days, all students reported that
they felt comfortable controlling the Sphero balls. The students
went from driving the balls to controlling the ball using block
coding. The different functionalities were explained and the
effects of each block were displayed in the Sphero app, by
going through each tab.

C. Math Week

The second week was the start of math week. Beginning on
Monday, students were asked to complete a pre-assessment
which consisted of 15 questions. Students were given 45-60
minutes to complete the pre-assessment. The lessons consisted
of assorted angle questions (e.g. finding the missing angle,
labeling the angles, and finding the relationships between
two angles), solving algebraic expressions, solving systems
of equations (using substitution), and labeling shapes. After
the lunch break, if the quizzes showed a high number of
students struggling on a topic, the lesson plan for that day
would be adjusted to their levels of understanding. Some of
the activities for this week included creating and completing



mazes, completing a list of shapes, and programming their
own hot-potato game with the Sphero. At the end of the week,
students completed the post-assessment and were given time
to ask any additional questions or finish any activity of their
choice from that week.

D. Science Week

The third week was dedicated to science concepts. The pre-
assessment was administered on Monday of that week before
lunch and students were again, allotted 45-60 minutes. The
lessons for this week covered topics that included learning
basic physics concepts (i.e. velocity, time, speed, distance,
and acceleration), object motion concepts (Newton’s Laws,
inertia, momentum, force), and friction. The activities for this
week also corresponded with the lessons. During this week,
an example of a class day would include learning a few basic
physics concepts and having a review activity. In relation to
the lesson for the Sphero activity, students used formulas to
determine the time and speed needed for the robot to go a
certain distance and hit a designated spot. Most of the activities
for this week incorporated the manipulation of formulas to
complete the necessary activities and challenges.

E. Final Challenge

The final challenge was prepared for the last week and
conducted on the last day of the program. It encompassed the
math and science concepts learned from all three weeks of the
course. With this challenge, students were encouraged to work
within groups, without the assistance of the instructors and
observers. The activity was designed for the different groups
of students to compete against each other in different stages
of the final challenge, which varied in difficulty. There were
four stages in all, covering some of the most challenging,
but relevant, concepts discussed during the program. All four
stages of the final challenge included an assessment and an
activity. The first task in each stage was a paper assessment
that the students were allowed to complete as a team. The first
group to answer the question(s) correctly was able to start the
activity first. Each team had to answer the question(s) correctly
to move on to the next activity. The four activities included in
the final challenge are as follows:

o Create a shape - Students programmed their ball to make
the shape listed on the activity card. First, they were given
time to code the shape using the Sphero app. Once, they
were ready, they were given paint to dip their ball in
and were asked to run the code and place the ball on
large white paper so everyone could see the shape that
the painted Sphero ball created.

o Bowling - Each team took turns to see who could knock
down the most pins with their ball using code only.

e Maze race - A maze was created by the instructors
using tape and Legos. For this activity, the students
programmed the robot to see who could get the farthest
in the maze.

IV. METHOD

A. PFarticipants

All participants were students in this summer program and
a part of the Atlanta Public School System (APS). Students in
the program were recruited based on the Georgia Board Rule
160-4-2-.38 [18] which says, “a gifted and talented student is
defined as one who “demonstrates a high degree of intellectual
and/or creative ability(ies), exhibits an exceptionally high
degree of motivation, and/or excels in specific academic fields,
and who needs special instruction and/or special ancillary
services to achieve at levels commensurate with his or her
ability”. In addition, some students were financially able to
attend, while others were given a scholarship.

The targeted participants were rising 6th through 8th
graders. Their ages ranged from 10 to 13 years old with the
average age of 11 years old. There were a total of 23 students
and all of the students identified as African American except
for one, who identified as White. Out of the 23 students, 14
were rising 6th graders, one student was a rising 7th grader,
4 students were rising 8th graders, and 4 did not specify. 17
of the students identified as a male and 6 as female.

B. Participants Previous Knowledge of Curriculum

For the scope of this study, we will only focus on the mathe-
matics portion of the Atlanta Public Schools curriculum. Since
the majority of the students had not yet completed 6th grade,
the standards for 5th grade were added.Those who completed
the 5th grade the following school year were registered as 6th
graders. As mentioned earlier, most participants were on their
way to 6th grade so they had yet to be exposed to any of the
6th-grade curricula. The standards for 8th grade were added to
show that the Sphero program also covered some concepts that
are not taught until the 8th grade. According to the Atlanta
Public Schools mathematics curriculum map [18], [19]:

Upon completion of the Sth-grade, students should be
able to...

o Convert like measurement units within a given measure-
ment system.

o Geometric Measurement: understand concepts of volume
and relate volume to multiplication and division.
Upon completion of the 6th grade, students should be
able to...

o Apply and extend previous understandings of arithmetic
to algebraic expressions.

o Reason about and solve one-variable equations and in-
equalities.

e Solve real-world and mathematical problems involving
area, surface area, and volume.
Upon completion of the 7th-grade, students should be
able to...

o Solve real-life and mathematical problems using numer-
ical and algebraic expressions and equations.

o Analyze proportional relationships and use them to solve
real-world and mathematical problems.



o Use properties of operations to generate equivalent ex-
pressions.

e Solve real-life and mathematical problems using numer-
ical and algebraic expressions and equations.

o Draw, construct, and describe geometrical figures and
describe the relationships between them.

e Solve real-life and mathematical problems involving an-
gle measure, area, surface area, and volume.
Upon completion of the 8th-grade, students should be
able to...

o Understand and apply the Pythagorean Theorem.

« Use functions to model relationships between quantities.

o Understand the connections between proportional rela-
tionships, lines, and linear equations.

o Analyze and solve linear equations and pairs of simulta-
neous linear equations.

o Understand the connections between proportional rela-
tionships, lines, and linear equations.

e Understand congruence and similarity using physical
models, transparencies, or geometry software.

C. Research Design

The research component intended to observe middle school
students’ attitudes towards computing. There were two re-
search methods used: naturalistic observation and an online
survey. Before participating, parental/guardian consent forms
were distributed and returned to each student. Thirteen student
participants completed both the pre-survey and the post-survey
in its entirety. Participants completed a pre-survey at the start
of the program and a post-survey at the end. The survey
consisted of four parts: (1) demographics; (2) computing atti-
tudes; (3) career decision making; (4) and academic resilience.
The demographics section collected participants’ age, sex, last
completed grade level, STEM grades, and future career goals.
Participants were asked what computer science meant to them
and to describe their previous involvement with coding and/or
Sphero (if any).

Computing attitudes were investigated using an adapted
version of the Subjective Science Attitude Change Mea-
sures—Student Version [16], [17], a 23-item 7-point Likert
measurement scale designed to predict motivation and con-
fidence in science. The adoption of the scale allowed sci-
ence questions to remain STEM-focused but ensured stu-
dents understood the term computing (computer science and
computational thinking) and to incorporate the subjects while
answering the questions. Career decision making confidence
was examined using the 25-item, 5-point Likert scale Career
Decision Making Self-Efficacy Scale-Short Form developed by
Betz, Klein, and Taylor [20]. The Academic Resilience Scale
developed by Cassidy [21] was used to measure students’
grit during academic hardships. The Academic Resilience
Scale has 30 items and uses a 5-point Likert scale to answer
likelihood questions about how one would react to a scenario
when one is failing a course. Naturalistic observations were
coded using an inductive thematic analysis [22]. Open-ended
questions in the demographic section of the pre-survey and

post-survey were analyzed using an inductive-deductive the-
matic analysis [22]. All scales were analyzed using the rec-
ommended descriptive statistics. Three paired-sample t-tests
were performed to compare the results of each scale during
the pre-survey to post-survey. Individually paired sample t-
tests were conducted to compare the pre-post math and science
assessments.

V. RESULTS

Before each week started, students were asked if they had
ever heard of the concepts or topics that would be discussed.
The majority of the class claimed to not know most of
the concepts mentioned. After taking both the pre-math and
science assessments, the students confirmed that they did not
know most, if not all, of the information presented on the
assessment.

A. Pre vs Post Math Test

Math Pre and Post Assessments
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Fig. 1. Math Pre and Post-Assessments

The math assessment was first in the sequence of as-
sessments given during the summer program. As mentioned
earlier, both the pre and post-assessments consisted of 15 ques-
tions that ranged in difficulty and topic, related to mathematics.
The post-assessment consisted of 15 of the same or similarly
styled questions. In Figure 1, there was an improvement from
the pre- to post-assessment.

The math assessment scores also showed significant growth
from an initial average of about 60% to an average of about
72% for the final assessment (see Figure 1). The p-value
equals 0.0146 (t = 2.79), which is considered statistically
significant. The average percent change was about 13%. All
lessons showed significant score improvements, respectively
(see Figure 2).

In Figure 2, the graph displays the math pre and post-
assessments based on the lesson. The assessment was split
up by angles, equations, and shapes. The Angles lesson had
significant score improvements, with a pre-assessment average
of 68% and a post-assessment average of 88%. The Shapes
lesson also had significant score improvements, with a pre-
assessment average of 63% and a post average of 78%. Both
p-values (0.007, t=3.01 and 0.048, t=1.83, respectively) proved
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Fig. 2. Math Assessments by Lesson

to be statistically significant. For the Systems of Equations
lesson, participants did not perform significantly better from
the pre-assessment(45% average), to the post-assessment(58%
average). The p-value equals 0.083 (t=1.49), which is also
statistically significant.

1) Pre vs Post Science: The science assessment was the
second assessment given. Similar to the math assessment, both
the pre- and post-assessments for science ranged in difficulty
and topic. As shown in Figure 3, there was considerable
improvement from the pre to post-assessment.

Science Pre and Post Assessments
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Fig. 3. Science Pre and Post Assessments

Based on this data and the students’ observed reaction,
they were engaged and retained quite a bit of information.
The table below shows the results from the pre- and post-
science assessments, in addition to the average percent change
from the pre to the post. T-tests were run on all presented
data and the results for both the pre and post-assessments
were statistically significant, yielding a p-value of .0017. The
pre-assessment had an average of about 39% with the post-
assessment having an average of about 63%. On average,
students did 28% better on the post-assessment and 100% of
the students scored better.

Figure 4, examines the science pre and post-assessments
based on the lesson. The “S, T, D, V, A” section refers to
the basic physics concepts covered: speed, time, distance,
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Fig. 4. Science Assessments by Lesson

velocity, and acceleration. There was a separate section on
friction. The p-values for both of these sections showed to be
statistically significant with the physics concepts having a p-
value of 0.0172 (t = 2.73) and the friction section had a p-value
of 0.0002 (t = 5.01). The “Newton, I, M, F” section refers
to object motion concepts such as Newton’s Laws, inertia,
momentum, and force, which held a p-value of 0.0635 (t =
2.03).

Similar to the overall analysis of the pre and post-
assessments, there was a 100% increase from pre to post for
all sections. Based on the results, students retained the most
information from the friction lesson, with an average increase
of 48% from pre to post.

Observations were conducted during the assessment pro-
cess. The assessment format remained constant between the
math and science assessments, however, the science assess-
ment had a few more questions. Generally, students were ex-
tremely distracted, discouraged, and/or disengaged during all
assessments. As a whole, students asked more questions during
both math assessments compared to both science assessments.

B. Pre/Post Survey

Thirteen of the twenty-one students completed both the
pre-survey and the post-survey. A paired-samples t-test was
conducted to determine the program’s significance in increas-
ing students’ career decision making self-efficacy, computing
attitudes, and academic resilience. A noticeable increase in
career decision making self-efficacy was prevalent from the
pre-survey (M =3.75, SD = 0.88) to the post-survey (M =4.15,
SD =0.72), t(11) = 1.976, p = .037 (upper tailed). There were
no statistical differences in computing attitudes or academic
resilience.

C. Observation/Reflection

There was a substantial knowledge gap with math concepts
when compared to science concepts. Because of this, the
instructors had to continuously stop and make sure everyone
was caught up or not getting too far behind. To combat this,
the instructors took a different approach. For example, when
systems of equations were being taught, instructors stopped to



break the students into smaller groups to teach the concepts
on a more intimate level. During the reflection period, 100%
of the group agreed that systems of equations were the most
challenging lesson up to that point and that the students,
overall did not enjoy it. The importance and the purpose of
math week altogether came up during reflection often.

During science week, students were noticeably more en-
gaged, most likely because the concepts were more applicable
to their experiences. The students were more interested and
enthusiastic during this week. This could be due to a number
of factors, such as increased comfort levels with the instructors
as well as the other students, becoming familiar with the
schedule and/or incentives being introduced. Although the
results of the science pre-assessments displayed students’ lack
of knowledge, their post-test and behavior in class showed
their alertness and ability to retain the information from the
week.

Throughout the weeks, there was an increase in computing
jargon being used. Students began using the correct termi-
nology when trying to explain their code. There were also
connections being made when they were shown code in Python
and compared it to their block coding. The instructors also
used the class period to review simple Python code with the
students. This code resembled the students’ code and helped
them to be able to identify each part of the code themselves.

Overall, the students requested more activity time and less
lesson time. Towards the end of the program, they realized
the role each lesson played in the activity and why it was
necessary. During reflection, most stated they were glad they
were taught the lessons that correspond to the activities.

VI. DISCUSSION

The summer program was designed to increase students’
computing interests, attitudes, and their performance in STEM
through interactive applications. Increasing students’ com-
puting attitudes is suggested to increase the likelihood that
students would pursue careers in computing [12], thereby,
supporting the demand for computing careers [3]. This pro-
gram was successful at strengthening students’ confidence in
identifying and choosing careers, but it did not necessarily
steer students towards computing. There was no significant
change in students’ attitudes and interests in computing.

The program was highly effective at increasing students’
math and science comprehension and performance. To explore
these findings, it is necessary to identify how the program
directly addressed working with students at the middle school
level. Adolescent students respond best to active learning, as
active learning often incorporates peer interaction and short
lesson plans to hold short-lived interests [7], [8]. Students were
notably more engaged in science lessons than math lessons.
Students showed more engagement for the physics science
lesson than math courses due to the clear, correlating nature
of the lesson and activity. This also supports literature sugges-
tions that adolescent students respond strongly to applicable
learning [7], [8]. Students were easily able to relate the physics
concepts to reality during the lesson whereas math lessons

tended to be a bit more abstract and related less to the activity.
Consequently, a few students questioned the purpose of the
math lessons. The program’s use of Sphero robotics facilitated
the recommended hands-on learning experience within all
activities as students had to program and control their own
balls as well as work in teams [9].

Literature suggests that instructing computing at an early
age has positive effects on math and applied science per-
formance and retention [23]. The findings directly support
the literature, all but one lesson (Systems of Equations)
significantly increased students’ performances in math and
science. As computer programming skills were not directly
measured, it is not clear of the impact the program had
on simple fundamentals of computing; however, there were
findings observed regarding the students’ behavior including:
computing belongingness through accurate use of field-specific
terminology and the ability to identify and locate important
content within a few simple lines of code written in Python.

A. Limitations

There were a few limitations in the data collection of
the study. Naturalistic observations were recorded, however,
there was no validated framework used to deductively ob-
serve behaviors. Only thirteen of the twenty-three students
participated in the summer program completed the surveys,
which causes the conclusion to be less persuasive although the
results were based on the calculation of t-statistic and p-value.
Additionally, multiple validated scales were used to measure
different academic and computing metrics; however, there
was no factor analysis performed to eliminate any correlating
or overlapping items. Finally, there were no test groups to
independently determine the cause of the math and science
performance increase. Thus, it is unclear if the increase in
math and science scores was directly from the lecture, the
activity, or a combination of both. It is also important to note
that most students had not been introduced to the system of
equations as a math subject prior to this program.

B. Significance of Small Samples and Short Programs

One of the main concerns that stems from utilizing small
samples is that it would not be able to predict for the whole
population, thus causing higher variability leading to results
that are less reliable. However, several studies have been run
that show that minorities learn and retain more information
in smaller classroom settings, at all ages [24]. The overall
goal of the program is to increase achievement amongst under-
represented students and to close achievement gaps between
advantaged and disadvantaged students. Therefore, studies and
research are in an environment similar to the overall goal. The
results in the present study are significant; however, we do
acknowledge that larger numbers are needed to generalize.

VII. CONCLUSION

The work performed is important,because it exposes middle
school underrepresented students to computing through active
learning grounded in existing STEM curricula. Though this



program was not effective at increasing computing attitudes
at large, it showed promising results in terms of developing
students’ sense of belonging in the computing field with
programming and robotics comfort. The program also served
as an effective STEM performance initiative that integrates
much-needed computing principles to middle school students.
In addition, students that participated in the program will start
the year off ahead of their peers. Other research was conducted
with this study focusing on developing undergraduate students
into STEM near-peer instructors as well as more in-depth ob-
servation of how middle school students interact with robotics
and learn primary.

A. Strengths

Overall, the Sphero summer program was successful, for
both the instructors and students. The most positive result
was that the students received the information quickly and
retained it. As time progressed, all of the students were more
comfortable talking with and asking the instructors for help
if they needed further instruction or did not understand. The
instructors all had different teaching methods, which gave
the kids a tailored learning experience. For the students who
were challenged the most, an instructor would break down the
lesson to the simplest concept and build on the experiences
of that student. For the students that picked up things fairly
quickly, an instructor would extend the lesson to keep the fast
learners engaged and connected with the group.

The instructors also did a thorough job of planning the
lessons and keeping a consistent schedule. Students were able
to get into a rhythm, making it easier for the instructors to
move through the lesson without complications. This allowed
instructors to pay closer attention to what helped the students
learn. For example, the instructors realized that when the
students felt more comfortable with the lesson and activities
they became more creative. The instructors took the initiative
to change the activities and lessons to give students more
opportunities to use that creativity.

B. Implications

Even though the sample size was small, this work is impor-
tant. This program, along with past similar programs, allow
others to learn and build their own programs or workshops.
This program was just one piece of a larger puzzle the lab
is working to complete. The lab has been invited back to the
same summer program to run another Sphero course with more
students. In addition, many other schools, summer programs,
and development centers have inquired about bringing one of
the Sphero workshops to their students.
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